In the past sanitation was the responsibility of Local Authorities or councils with the Department of Waste Management and Pollution Control (DWMPC). Pollution of groundwater in Botswana is currently forcing the Government of Botswana (GoB) to abandon pit latrine construction and Ventilated Improved Pit (VIP) emptying services in peri-urban areas. Currently Government has embarked on the expensive and unsustainable construction of sewer systems that require peri-urban communities to pay for connection fees. Most rural communities cannot afford these fees and since Botswana is a water scarce country, sewer connection may be costly for the country. This paper aims to review current practices, policies and challenges facing Botswana in Faecal Sludge Management (FSM). A desktop review was carried out to review policies, regulations, guidelines and strategies on waste management. A pretested questionnaire was administered among 50 randomly selected households to assess current practices in sludge management from two suburbs in Gaborone. Key informant interviews were undertaken among water and sanitation stakeholders to establish roles on waste management and faecal sludge management. Despite the disjointed efforts by stakeholders, Botswana has the potential to improve the FSM in the country. Though unsafe, FSM/pit emptying has the potential to provide income and employment to both the rural and urban poor and making it safe may have wider economic benefits.
Introduction
The launching of National Rural Sanitation Programme (NRSP) during National Development Plan 7 (NDP 7) (1991-1997) saw a rapid increase in the provision of both conventional and improved pit latrines in the rural households of Botswana. There has been an extensive local development of different types of latrines such as the Ventilated Improved Pit Latrine (VIP) in Botswana. While the latrines have improved the sanitation, by providing dignity to the rural poor, they have, in some areas, led to deterioration of the groundwater quality by bacterial pollution and by increasing the nitrate content [1] [2] [3] [4] . Therefore, for effective operations of such facilities, proper construction and maintenance is key. Some latrines are designed to be emptied regularly while most latrines are just pits which are abandoned once they are filled up. However, the deterioration of the quality of groundwater resources in some parts of Botswana has led to the development of a National Policy on Wastewater and Sanitation which requires that all on-site sanitation technologies used in the country, must be able to satisfy the following criteria; 1) Operational effectiveness and reliability of technology, 2) Minimal public health risks to the users, 3) Cultural and social acceptance, 4) Affordability, 5) Free from offensive smell and unsightly conditions, 6) Inability to attract flies and other insects, 7) Minimal groundwater pollution risks, 8) Minimal water usage and Easy maintenance by the user. The VIP latrine has been found to comply with most of the criteria mentioned but criteria number 7, while it is suspect with regard to criteria number 2. However, the issue of pit emptying and the issue of sludge management after emptying are over looked in this policy. In technical terms, models of the VIP latrine have been developed which satisfy most of the generally established criteria for acceptable on-site sanitation systems. These are regarded to be more socially and culturally acceptable to users; structurally and functionally sound; and sanitary.
Faecal Sludge Management (FSM) can provide jobs to the community and reduce unemployment. Thus in Sanitation terms, people in rural areas suffer from lack of sanitation facilities such as proper toilets facilities. Whenever there is access to sanitation, a major problem that arises in densely populated areas where pit latrines are the main type of sanitation systems is nitrate pollution of the groundwater [5] . In this paper, faecal sludge (FS) is used interchangeably with Pit latrine sludge which a material that is contained Pit latrines, and has not been transported through a sewer. Faecal sludge therefore, comprises all liquid and semi-liquid contents of pits accumulating in public and private latrines or toilets (VIP installations).
Household habits influence the material composition of pit sludge and these materials are largely made up of degradable materials [6] and they influence the characteristics of the faecal sludge and filling, smell and nuisance [7] . In rural areas where there is no waterborne sanitation, defecation is either carried out in the bush, or using pit latrines. The main aim of this paper is therefore to determine the status of FSM and FSM practices in Botswana and to assess whether 
The Study Area
Botswana is a landlocked country bordered by Namibia to the west, Zambia to the north, Zimbabwe to the north east and South Africa to the south. This study was carried out in the Gaborone City in Mogoditshane and Broardhurst. The two areas represent rural peri-urban setups of Gaborone city. Gaborone is the capital and largest city of Botswana with a population of 231,626 based on the 2011 census, about 10% of the total population of Botswana [8] . The latitude and longitude Gaborone city, is 24˚40' South and 25˚55' East. The FS sludge from these areas is core treated with municipal wastewater at the Gaborone Wastewa-
ter Treatment plant about 10 km northeast of Gaborone City.
Lack of income (attributed to lack of employment, insufficient income earning opportunities and the low potential of traditional agriculture) is considered the major and immediate cause of poverty and poor health. Major economic activities for residents in the study area are wholesale and retail trade, construction and manufacturing respectively [8] with government being the main source of employment. Migration from villages to Gaborone City results in overcrowding in low-income communities around Gaborone [9] . Due to lack of proper sanitation, overcrowding may lead to various environmental ailments [9] .
Methodology
A desktop study was undertaken to review regulations and policies relevant to the FSM practices in Botswana. A survey of sanitation stakeholders was conducted between July 2015 and July 2016 in order to understand the roles played by various stakeholders and challenges they face in FSM. Field surveys involving the use of a questionnaire, field observations and photographing were undertaken in 50 randomly selected households from Mogoditshane and Broadhurst suburbs. The two localities were chosen on the bases that, one (Mogoditshane) has a rural setup while the other (Broadhurst) has a peri-urban setup. In addition, private collection and transport businesses that empty the FS with vacuum trucks from pit latrines and transport it to the treatment facilities and Water Utilities Corporation (WUC) staff responsible for operation and maintenance of on-site sanitation and also the FSTP were interviewed. All the 50 studied households responded to the questionnaire and data analysis of community questionnaires was done using Statistical Package for Social Scientists (SPSS version 20)
software package. Frequencies, rates and proportions were obtained.
Results and Discussions

Access to Improved Sanitation Technologies
Provision or improvement of sanitation facilities in Botswana has always been driven by the need to protect the environment and public health. Botswana is doing well in sanitation provision as evidenced by a generally steady increase in DOI: 10.4236/jep.2018.92010 Figure 1 . Sanitation provision trends in rural Botswana [11] .
sanitation access (Figure 1 ). This increase is attributable to the fact that, the government has since the 1970s through various policy documents attempted to introduce different sanitation technologies. The increase can also be pointed to Government commitment to international treaties such as the UN Millennium Development Goals (MDGs), now known as Sustainable Development Goals (SDGs).
A World Bank report [10] indicates occurrence of rapid urbanisation across cities in the developing world with most of the growth in informal or slum areas.
This scenario is also true in Botswana as more and more people migrate to urban cities to look for jobs. This places a strain on water supply and sanitation services due to increased demands as well as formidable obstacles, oftentimes from policy constraints, in meeting this growing demand.
Pit latrines are on-site sanitation systems designed for accumulation and stabilization of faecal matter, urine and sometimes, other materials added to the system over a certain period of time [12] . Pit latrines are the most common forms of sanitation in rural/low cost areas of Botswana. However, there is clearly a disparity in provision of sanitation between rural and urban populations where, about 38% of the rural population still practiced open defecation in 2010 and almost 40% of the population, at the national level, only has access to unimproved sanitation/open defecation [13] . This can be clearly observed in Figure 2 indicating that rural population is still greatly exposed to diseases due to possible contact with human excreta.
Although pit latrines are associated with nitrate pollution of the groundwater, [14] has warned against the dangers of exaggerating this problem. The relevance of onsite sanitation to nitrate pollution have been studied and confirmed by various reports in Botswana [15] where, a tentative nitrogen budget is established for pit latrines in eastern Botswana. The Botswana Government strongly believes that everyone has a right to access to clean and affordable water and improved sanitation facilities [16] . This has been shown by the improved sanitation infrastructure provided and subsidised by Government. 
Sludge Management Practices in Gaborone
Generally, Pit latrines are used for storage of the digested faeces, and are de- "a permanent place for decomposition of human waste being a lined or unlined pit, depending on soil conditions, not utilizing water for disposal, and provided with a screened vent to reduce odour and insect nuisance and a squatting platform constructed from impervious and durable materials, and with a pit volume of at least 10 cubic metres to service a maximum of 8 habitable rooms".
VIPs have been proven elsewhere that, when correctly designed, operated and maintained, it can be an acceptable, cost-effective, hygienic and environmentally friendly sanitation system. However, the challenges still remain poor access to, and poor O&M of existing sanitation systems both contribute to environmental degradation, inefficient pit emptying process which was usually done by councils and is the responsibility of WUC. [19] [20] have reported that, Pit emptying constitutes a major problem in many places, both technically and managerially [19] [20] .
The government has been investing a lot on a number of alternative on-site sanitation technologies and has been developed and introduced in Botswana to address the challenges mentioned above such as ecological sanitation (eco-san) technologies. The communities however, still prefer a flush toilet or VIP latrines, due to poor performance of eco-san technologies and that it takes longer before it fills up (at least 2 to 5 years) depending on usage. As in most countries [21] , when a pit latrine is full, in Botswana there are also two distinct options: 1) stop using it and construct a new latrine; or 2) empty it.
Sludge Collection and Transportation Methods
There are inconsistencies in designs of VIP latrine throughout the country due to no availability of standards. The existing VIP construction manual [22] is not available to the community, private companies or even to service providers. This manual was originally intended for use as a field guide for SHHA and NRSP Programme. The toilets are serviced by vacuum pump trucks ( Figure 5 ) which transport faecal sludge to a dumping pond or to a treatment plant while some full pits are abandoned due to either, unavailability of service truck or poor economic status and lack of treatment sites in other areas across the country. According to the interview with the department of Waste Management and Pollution Control (DWMPC), some of the pit latrines were not designed according to the originally prescribed design i.e., without properly lining the pit. This is sometimes the reason why they abandon the pits and build new ones because vacuuming the pit will cause the pit wall to collapse. The discussion with the DWMPC also revealed that, the unlined pit latrines cannot be emptied especially using the vacuum tanks because the pit walls tend to collapse due to swelling. This is the reason why some companies are not willing to service unlined pits.
The pits studied in this work are around Gaborone service area. The over two tons Vacuum tanker (BREVAC-type machinery) is the only type of sludge transport system used in Botswana ( Figure 5 ) and the operations and
Maintenance to carry out repairs are usually a challenge and concern for the Figure 5 . Example private vacuum track discharging at the Gaborone wastewater treatment plant (GWWTP) discharge bay.
operators. The service period for vacuum trucks is usually very long due to the outsourcing of such services. This practice has a negative effect as it contributes to reduction of the reliability and effectiveness of the emptying practice and also shortens the filling up rate of pits and affects the operations of vacuum tank during emptying. Previously, pit latrines in each area were to be emptied every five years on a rotating basis and the use of BREVAC-type machinery for rural pit emptying is not considered a viable option. As reported in the past, apart from faecal sludge having different densities [18] , the authors have also observed solid particles, wood, stones, and plastics in pits which are the major cause of vacuum tank failures during emptying. Figure 6 shows the trends in vacuum truck deliveries of both septic tank and VIP sludge to Gaborone Wastewater Treatment Plant (GWTP). The date indicates that in December period most company are closed for festive season and in January, the service is more than doubled.
Water Utilities Corporation (WUC) has inherited the emptying process from number of challenges that include; 1) shortage of vacuum truck, 2) communication lapse with customers (public) due to loss of direction by truck drivers caused by lack of street numbering (no plot numbers), and 3) also because of information lapse from the payment centres to operation centres of WUC. Some factors that affect the wide variability of FS characteristics have been observed to include the range of different onsite technologies used, the way in which the system is used, the storage duration (filling rates and collection frequencies), inflow and infiltration, and the local climate. All of these factors should be taken into account when determining FS characteristics.
Pit Latrine Usage
The level of usage of pit latrines is largely dependent of the household occupants.
By virtue of the areas' proximity to the city, the community in the two areas relies mainly on renting rooms to the low income community. Therefore, most of plots are multi residential where each plot accommodates multi families. Since the main sanitation is VIP latrines, it is observed that, these latrines are heavily utilized. 
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Among all the 50 households surveyed, about 84% and more than 74% admitted to adding wash water and detergents (such as Jeyes, Domestos and Jik) respectively. According to those interviewed, the reason for addition of such materials in to the pits are for the purposes of cleaning, killing germs and removing odour. Other materials that households admit to throwing into the pit include; obsolete medicine (14%), pills and sanitary pads or condoms and nappies (26.6%). This practice can negatively affect the FS and bacterial activity in the pit [12] .
Environmental and Health Concerns
The manner in which pits have been constructed have raised concerns that pit latrines may cause various environmental and public health problems such as human and ecological health impacts associated with microbiological and chemical contamination of groundwater due to lack a physical barrier. This results in pollution due to stored FS (excreta) and soil and/or groundwater mixing [24] . Accordingly, the leaching of contaminants from pit-latrine sludge into groundwater is potential threat to human health through well-water contamina- 
Institutional Arrangement for FSM
By definition, institutional arrangements refer to the mechanisms by which different government and nongovernmental agencies and private-sector organizations can work together to achieve sustainable FSM [27] . This arrangement is depicted in Figure 8 . In the past, sanitation issues were held under the Ministry 
The Role and Responsibilities of Stakeholders
In the past Councils through the water and waste water department is also re- Currently the number one goal of sludge treatment at wastewater treatment plant is the protection of public health. However, it is important to consider resource safe recovery from treatment products as a treatment goal whenever possible. This can be achieved by putting value into the entire process of sludge management. The promotion of safe recovery and reuse of liquid and solid waste is an important strategy for working towards the United Nation's Sustainable Development Goals (SDGs) [33] . Research by [34] , reports the success of some waste based resource recovery Business models at Kampala, Uganda; Hanoi, Vietnam; Bangalore, India and Lima, Peru. The success of these business models is attributed to the fact that markets for faecal sludge became competitive that farmers were buying in bulk and drying at their farms.
Because the distance between households and the Treatment plant may be great, then for places far from the WWTP, transfer of faecal sludge from household level can take place by discharging into a transfer stations or permanent or semi-permanent structures [35] .
The Role of the Private Sector
In the past, it was the responsibility of the Councils to provide and manage all onsite sanitation facilities to the community. Since construction of these facili- There is a disparity between the service costs by private companies and service costs for WUC. Figure 10 shows that private companies service (emptying) cost are about 10 times greater than WUC emptying costs. This disparity is probably the course of WUC's lack of interest in the type of service. 
Regulation and Policies
Policies and regulations that are relevant to sludge management are discussed below and listed in Table 1 . Although these policies are sanitation related, they hardly address problems of FSM in Botswana.
Therefore, FSM is usually embedded in other policies as described below; National Wastewater and Sanitation Policy (2001), is committed to achieving the goals of Agenda 21, which calls for sustainable and environmentally sound development and seeks to preserve, protect and improve the quality of the environment. It also contributes towards protecting public health; as well as ensures a prudent and rational utilisation of natural resources. The policy however, embraces and acknowledges the need for cost recovery to ensure sustainability of sanitation.
The Waste Management Act of 1998 is the main legislation that expressly deals with management of waste. The main purpose of the act is to ensure proper waste management practices from handling to transferring of controlled waste. The act stipulates that waste produced by any establishment has to be classified and transported by registered and licensed waste carrier. Hence, the provisions of this Act must strictly be adhered to for compliance. According to the act, Illegal disposal attract a penalty of fine not exceeding P14,000.00 or to imprisonment for a tem not exceeding 10 years or to both. However, the act is difficult to enact due to lack of institutional capacity. The Public Health Act (PHA) (1981) is used to regulate sanitation to make provisions for public health.
This Act, used in conjunction with the Waste Management Act, ensures that waste is controlled such that it does not endanger public health. The purpose and the intent of the Act is to regulate all hazards, risks and nuisances that could 
Conclusion
There is evidently no clear working relationship among stakeholders to adequately manage faecal sludge. Although there are policies related to sanitation, there is no clear strategy addressing FSM with regard to pit emptying. Without the community understanding the value of FSM, reuse FS cannot be fully achieved. For better understanding of the behaviour of FS in the VIP latrines, a thorough characterisation of pit latrine sludge should be done in order to improve pit-emptying devices and also to decide on the appropriate designs of the emptying technologies. FSM goals can only be adequately achieved if a vigorous and targeted community and private sector education on the same can be put into place. At the same time government must develop more specific sludge management policy or strategy that emphasizes on pit emptying and transportation with treatment facilities in mind. New technologies for sludge treatment and processing must be considered and introduced as part of the FMS strategy to add value to the FSM process. Poor coordination among stakeholders renders the sanitation sector difficult to manage. WUC should involve and engage stakeholders such as households as well as representatives from the communities, key faecal sludge management stakeholders (such as local authorities, emptier companies, transporters (SME), relevant government authorities and sanitation experts). While BPWSM acknowledges cost recovery in sanitation matters, very little is done to realise this principle. In order to consider resource recovery during FSM, a new FSM model
